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Laboratory for Adaptive Optics
UC Santa-Cruz High Contrast Imaging Testbed

Jet Propulsion Laboratory

Trauger et al SPIE 8151, 2011

Give’on et al 2008, Thomas et al 2010

log10 I 
-8 

-7 

-6 

-5 

-4 

6 fλ/D 

Kern et al SPIE 8151, 2011

3.5×10−8

2 < x / (fλ/D)sky < 4 −4 < y / (fλ/D)sky < 4
Inner edge of dark hole 2.05 (fλ/D)sky
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This can be due to inability to resolve changes over time, space or polarization (in 
between exposures of the probes. 

However, this can also be due to errors in the model of the system (probes). 
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Rather than changing the DM, we let light through a pinhole at a 
different location each time

The Peek-a-Boo estimation method
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1 Photon per 1e-8 contrast

1 Photon per 1e-9 contrast

Simulations with photon noise
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I0 = |E0|2 + Iinc

Ioa = |E0 + Ea|2 + Iinc

Iob = |E0 + Eb|2 + Iinc

Ioc = |E0 + Ec|2 + Iinc

Iod = |E0 + Ed|2 + Iinc

[ �{E0}
�{E0}

]
= 1

2

⎡
⎢⎢⎣

−�{Ea} �{Ea}
−�{Eb} �{Eb}
−�{Ec} �{Ec}
−�{Ed} �{Ed}

⎤
⎥⎥⎦

⎡
⎢⎢⎣

Ioa − |Ea|2
Iob − |Eb|2
Ioc − |Ec|2
Iod − |Ed|2

⎤
⎥⎥⎦
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Ia = |Ea|2
Ib = |Eb|2
Ic = |Ec|2
Id = |Ed|2
Iab = |Ea + Eb|2
Iac = |Ea + Ec|2
Iad = |Ea + Ed|2
Ibc = |Eb + Ec|2
Ibd = |Eb + Ed|2
Icd = |Ec + Ed|2

Calibration model
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RMS improvement
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• The pair-wise estimation has been used now on various testbeds with 
different coronagraphs with the best contrast results to date.

• Pinholes estimate has been implemented and ready to be tested in 
closed loop correction 

• Pinholes estimate offers an independent method 

• We hope to improve the calibration process to gain better estimates
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